MO-A181 693  MAXINUM LIKELIHOOD ESTIMTION OF A CLASS OF Vs S

-GAUSS 1 AN DENSITIES NITH A. . <UD RICE UNIV HOUSTON TX
DEPT OF ELECTRIC COMPUTER ENGINEER. .
UNCLASSIFIED T T PHAM ET AL. 190? N...14 OS-K-0152 F/G 12/2 N




o
jreeveegg g
11713

E
3
F

WICROCOPY RESOLUTION TEST CMART
NATIONAL BUREAL % TANDAN(N 9 4

F .- . .«., L. -y R J . J - re . /X
"l .\ » 3 ‘.Q ! W' .l “o ‘ ' “ o “I "\‘ [ \.’)
‘:c-'i::-:-% " "r. S

+ O
Pk l

“o’ \‘ »“'\'
7] N




. &,
R ALE cop
RICE UNIVERSITY

' SEORGE . BROWN SCHOOL OF ENGINEERING

MAXIMUM UIKELINOOD ESTIMATION OF A (L ASS ¥
NON GALSSIAN DENSITIES WITH AP K ATION TO
DBCONVOR L TIOM

Trang T Mham snd Rw | P 30 Pgusvie:

Department of Eleczncal sad Compuner Eagansenng
Race L mvermty
Howsera. TX 77251 (992

Pn.—..a..), b M VB L AP [aler Taae

AD-A181 683 |

DEPARTMENT OF

"""" a0 e SLAUNA AAGANY Wr ¥ pads wWaY VYTV A VWV SR VI VAP, Vi, Yo 7, WA, )



M..llml'l BETHSATION OF A CLASS OF
BV WITH AFFULICATION TO
DROMVOLUTION

Toang V. Fham and Rui 5. P do Migusivedo
Depanment of Muewicnl ant Compuser Suginsering
Bdee Univenly
Mowswa, TX 77251-1092
fﬂtuln\’; f.§ o N1 Jcherr Dallss Taa

e ———

Wmn-u-m. pletribstion

“:;u L. Qerr, (WR/Code 11118P

pDTIC

QZLECTE

Junu S 9

Per Dr.

£

D

~—
NS CRAM
onC TAS o
Unannounced Q
Justihcaton |
"r:fl—u"-"—al
O ! B
Awadsbisty Codes
A;ﬂv‘ avd‘&h \
Ot Sprcid t
A ‘ STATEMINT B
—_#‘ ‘;a public relonsdl \

Dtnrunen Ux\lyu.t'od“ )

-——

[T S

—



ﬂhh-ﬂ ® & olem
SURanEs and Ot B0 e 1 -1 1]
on ssnm e ol suth an ot Al el & oo
— Y aslge. nrumn

Ay - ' onmi, b comonhst

VD vt S appeted iy GVIR contunt N0N1S-05-R-008

@y

i v @ e e Moan end vesianse of V. Seo figure 1.

W ol L] ooguense o ¢ o™ campise
v,,',..ﬂm). I;Mltl)nhbhﬂhl
cuth sampie

W-‘Q{-‘tl!\*ll'} @eq

whoR v o SBlv, V... %) SNV = eV, V... V) Frem N point
on. wo dup S andem whon Gese
0 coer tm e cortont. Ao we Gongted e pd oo & et
hood tunation with s and ¢* a8 paraaterns.

2.1. Manimwn Liniiheod Botimatus of the Mesn and Vart-
anes.

The dortvatirn of She estimate
el p & 'Wewn) L saightionward. n

dmimisn -
raplasing (2.0.4) In (2.1.1) and salving for &, we gt

X TR ['tlw-ul’].

of the vartonse ' (sssuming
. by ssting

@19)

@1

From (2.1.8) dhove, we coan albe dorive & soquontial algortthm for
he manimum Bhelieed sstimate of the varignoe of a gpG as fellows.
Qven (67 a8 e manimum Bihesd cstimate
based on & 99t of N data poivis. Suppese

4ute point, say v,, .. the estimate of the
varianoe Sa0ed on e oot of N+t dala points which can be com-
ond the now date point v,

Algoiihen.
of the varlanse of &
we 890 ghvon an

puted using e provisus estimate (5,)7*




- . [!M:,g.ym;m]" @19

nvun-o.cu-.nm.mm

=-~~a P eemme g v @.1.0) restiee wilin
L TX° 1]

*mmmﬂ -9 @14

wih whon eontiivd Wi (8.0.4), sfer seme maniputation lsals &

0 fowing condiion hat 4, Must sty
Low-tnacer -0 @1%
L ]
Conm = *y 219
e tm‘ @in

luu. «oi,8,...4, ) « P o oulisiont statiotis veuter for O,
080 h wiish p=@ conunpenis 1o he Gavesian

::-w 030 50 Inared 0 ghve e il cupl oen a8
LR R 3 @19

':.‘.m‘ﬂ.‘ﬂbw.hm

tln-‘:l'-:(n-hﬂmw-h)r @1

™ m-’-t and « gre of paniovier
toomt. n 1 b woll hnown that

Praposhiton £.1.1. Ferpe 1,

& = fha = mdenevi W 2.1.10)

Proposiion £.1.2. The valuss of 8, whish maivise the Mel-
Nood Aunaiion ase dofines in e Inervet v, _ 5., +o] I ths intervel

)

n this avbosstion, we summarise some of
m*un“mm Sinse

In-6i° & o svislly convex iunciion of 0, for 1@em, te

Nptp- LA

- 3]
A Sy r azh
Praposiion 224. The mudvum (hwilhood cstimate ol

e moan of S gp@ & wiiased. s
ostgbishog e fast thet s urbiased, wo ebtain
h hvhﬂbvlb s the ivee of the

l.l.l. mmmmwum
teas of he mean of

(RE)P

Sithar -0 2 wm&nﬁf
The acius! squere ener oan be compuied a8

Eidhae - WM = Eigdue) - 0
MEH:] L

- 4w (224)

“thl gonovalised bweme of [1 1 ... 1]', K the covarience
mavt of v. Tdhing advartage of the felowing property of JJ:

Fh-
& con be shown by drect muliiplication thet

& - 0'; By
wo abinin the reouk for praposiien 2.2.8 as fellows.

Praposiiion £.28. The real squere oror of the Mmasimum
heihweed estimate of he mean i of & gpl is:

Eithas -0 = ¢ T § (227

MRM“MAnMNMMmN
upper bound of the estmate.

222

.23

@28

(226

Praposhion 24.7. e Sound for the verianoce of the
manimum Beihesd sstimate of the mean of a gpG as
Eithas -0 s @ 2.28)

'l’m'-wb&glhdo.mau)tdu“b
unique ler 1 qpe=. Menoe

Praposhion 228. The manimum elihood estimate &k i

. Prosl. We ebiain the enpecied veiue of the sstimate directly

- [

The result of prapeshion 2.2.8 gives the bias funciion for the
maximum Bwihesd estimate of the variance as:

a.u. mummuu“u

Qa9

Prepesition
the veriance of the

o [ - }

Fisher's information a(c®) for this estimate is given by

ok - I8

(2.2.10)

(2.2.11)

From the Fisher's inlormation and the bias function above, we calou-
late the Cramer-Rao lower bound for the biased maximum Ikelthood
ostimate of the varianoe of the gpG nolee as

Proposiion 2.2.10. The Cramer-Rao lower bound for the
ostirmate of the variance of the gpG noles is:




-,h]"ﬁl. + arm

ol o aposhil euee of p = 2. S0 Cramer-Rae bwer bound b
oehe-on 2 2219
ang for the eposinl 0ane ¢ p = 1, e Craner-Rus bwer bound B
ke - o7 2 [1!:’:-1 ]r @214
e e S Spomi stve & b psti 1 . wo sstnise P o0
ulivasiahte eulniue toshinueld).

Pvapouiiion £.8.11. The expeuind vilve of he square of
e mudvun d“mdhﬂlz.:

e probiom, we will prosent &
of o dDersie SORUIRESs (i nel 1. N-1) and M jned 1, M-1)
witish i donsted by x*% a8 follows

x° heo 3 - MO 3.0.1)

Ny-Rzilp Sy -N"xily fwalh (T3]

@ ¥ Sum b as ailiive nelse, rogandioes of e epase |,
nesmed epase sslested, £ I unigus, and renlis & 30 omer, ..

Hy-A%ily=0 fwalp .04
$.9. Apgtihm. Using the eansapt of lneer
n“nfﬁ“bu ool
tion K. Por he dostvation of ove [1) Gutow, we show
s mediing shwglen sigadbon o l,mm
@ iniistingtion. Set the vester h 19 3000, L.0.

LN =01, M1 (3.1.1)
nligine an emer vosten ¢ and ¢ a8

oMy 3129

LN i=0,1,.. MeN-2 3.1.289)

@ Owostions! Ssarsh. Find the direction K that gives the
omaliost nogaiive howstetic valve §, :

e & 3.13)
where

&= T : 3L YL 3.1.4)
Fram this &* dvestion, we assign the vester @™ as

e p)ng (3.18)

) Suepsine Computation (or Line Soarch). Find s posiiive A
M“nmm:'mm:.

ait T ey 316
whore the constent ), Is

;_--{-s} u{nqn«o} 3.7
hen, the sohution s updated as:

N e N+ ) 3.18)

where k is the eptimal divectien in (), A is the oplimal solution of
3.1.5). The emor veciors ¢ and ¢ is updated as

M) = ol - A 3.19¢)
™) - | o | = 01, M-1 (3.1.90)

() End Condliion. ¥, in step (), no direction k® would yield &
negaiive houriatic value 8., then the solution is optimel. Otherwise,
repest sheps (I} Swough ().

The sheve aigerithm evoives fom the simplex and convex

algerithm, yot no tableau is constructed, thus saving a ot of
2pace and computation cperatiens in the computer.

3.3. Statistienl Prepertics. Dencte the convolution procees
of a Inoar systom by T, (N, where T_is linear (this insarity can be
veriied saslly by using the direct fomula for COvORAION).

Theorem 3.2.1. Lat X, Y be vector spaces, both reel or both
complex. Lat T: D(T) - Y be a fineer operator with domain O(T) c
Xandrange A(T) c Y. Then Il T exints, k is a nesr operator.

Preet: See Kreyazigld]. pp 08-89.

Unblasedness. Using the above theorem, we can say that
the deconvaltion process 8 linear, Le. T' is lnear. Having this
fact established, we can show that the estimate of h in equation
(3.0.2) is unblased as follows.

Thesrem 3.2.2. ml'mmu\momd
atditive 2er0-meen gpQ noise is unbiased.

Y




griwe v IV

Thon i cpesiod valee of W, gven h &

St Sulve 00 vt ¢ &
Sogth

Nan Sotuune e 1, vl gve
" eh

|l

g = Y1

e = AVFIN

oo 7, s Bnoer, a0 shoun proviewsly, then
WTreHM = i@y

R doar hom (3.0.9) st
yin = ¢

Then
Masi¥ = 7'

Subefiute cquaiion (3.2.2) ine (3.2.7), we have
asi = b

Thorstor, the catimate A, & wiblesed. Q.E.0.

 Cvamerfine Bound. Under he condilien of ybinsed oot
mate, e Cramer-Ras lower bound is given h the form:

EEFEE

a2

aPh-wa uo-t#nfi[ﬂw o2
whish, for the apoctal 6000 of p = 2, the beund s
l!ﬁ-vl 2 fs a219

Yown, with e sliicien sondiien not satiafied, we cainiate he actuel
oner a8 llowe

GHh-Nh-m) = BN - N 3.2.11)
wih b being csfovisted from the generalized inverse T7 of X as

h=Ty a1
e actual emver b

B ch-0'h-N)) = No* vas(TTT) 3.213
witich gives the upper beund as

X« OO 3.2.18)
mnunmn“mmu
S h-N'h-M) = N o vaoe(X™) 3.2.16)

Pigeee 1.

2 3 T 3 B =

3

o

{1

) ) o

- ) (0]
Sensity function for a generalised p-Govesiss r.v.

() p =}
) p=2

() p =3
@ p=s

(e¢) p = 10
(0 p=3







